Terrestrial core samples of semi-permafrost sediment were analyzed for total free amino acids (TFAA) increasing depth. The present study determined that the major organic matter content in the sediment consisted not of free, but bound amino acid analogs.
solution concentrations of free amino acids typically range from 1 µM to 50 µM.
14 Amino acids are a key component of the soil nitrogen cycle, and their turnover dominates the soil nitrogen flux in some high latitude ecosystems. 10 To date, we have investigated the carbon and total hydrolyzed amino acid content, 15 the chiral ratio of D-and L-amino acid forms, 15 total hydrolyzed amino sugars, 16 the enzymatic activities of phosphatase, 17 and the microbial distribution. 
Experimental

Sampling
Boring core samples at Rikubetsu were obtained by the Ohbayashi Corporation in February, 1996. The site is located near the center of Hokkaido, one of the coldest cities in Japan (Fig. 1 ). The altitude of the boring site is 207 m, where the annual average temperature is 5.8 ˚C at 43˚ 28' 0" N, 143˚ 44' 5" E. The monthly average precipitation and sunshine record at the site is 67 mm and 142.3 hours, respectively. 15 The boring site is situated in a slightly marshy area, which is seasonally frozen to a depth of 80 cm, and is covered with ice during the winter. The boring was performed to a maximum depth of 300 cm. Hence, interactive studies 15, 16, 17 between the sub-surface biosphere and the pp.1994-1999 organic geochemical aspect has been required to describe their linkage in the semi-permafrost environment.
Analytical procedure
Approximately 2 g of powdered samples were extracted with 10 ml of pure water by sonication for 1 hour, and then twice by sonication with 5 ml of water for 30 min.
Visible polymer-like organic matter was observed in the extracted solution, which was precipitated by centrifugation for 20 min at 3,000 rpm. The extracted solutions were combined and then freeze-dried. Subsequently, the test tube was gently washed with 1 ml of pure water by vibration for 1 min using a tube mixer, and was then again sonication for 5 min. The final portions were passed through a membrane filter (0.45 µm pore size) using a disposable syringe. Amino acids were detected and quantified by using the Waters AccQ-Tag method, which uses the AccQ-Fluor reagent (6-aminoquinolyl-N-hydroxysuccinimidyl carbamate) for the derivatization of amino acids. Ion-exchanged water was further purified using a Millipore Milli-Q LaboSystem TM and Millipore Simpli Lab-UV (Japan Millipore Ltd.) to remove both inorganic ions and organic contaminants. All glassware was heated at 500 °C in a high-temperature oven (Shimadzu muffle furnaces, MPN-2N) for 2 hours prior to use in an effort to eliminate any possible contaminants. Figure 2 shows HPLC chromatograms of amino acids in core samples of 5 -10 cm. As shown in Table 1 Protein amino acids, such as glycine (C 2 ), alanine (C 3 ), aspartic acid (C 4 ), and glutamic acid (C 5 ), were major constituents in TFAA as well as in THAA. Non-protein amino acids, such as β-alanine and γ-aminobutyric acid, were detected as minor constituents in certain sequences of the sediment. Figure 4 shows the molar ratio of amino acids in the TFAA fraction. The assigned categories were as follows: acidic, basic, neutral (hydroxy, straight, branched, secondary), aromatic, sulfur-containing, and non-protein amino acids. Among these, the pp.1994-1999 sub-total in the molar ratio of basic amino acids, such as histidine and ornithine, gradually decreased with increasing depth. This trend might reflect the survivability of amino acids in sub-surface organic matter.
Results and Discussion
Distribution of total free amino acids
Molar ratio of amino acids in TFAA
Mole% of β-alanine and γ-aminobutyric acid in TFAA did not increase with increasing depth, as shown in Fig. 4 and Table 2 . This might be evidence to suggest that the decarboxylation of aspartic acid and glutamic acid does occur in an internal reaction in the bound matrix of organic matter, rather than as a monomer reaction. In our previous study of THAA, there was a notable increase in the relative abundances of β-alanine and γ-aminobutyric acid to THAA with increasing depth. In samples from the upper part of the sediment column, the combined relative abundance of β-alanine and γ-aminobutyric acid was less than 4 mole% of all amino acids. 15 With increasing depth, the relative abundance of β-alanine and γ-aminobutyric acid increased and in the deepest sample they reached up to 28% of THAA. 15 Diagenesis in sediment results in the decomposition of amino acids via decarboxylation 22, 23 where, for example, aspartic acid will be altered to β-alanine by decarboxylation at the α-carbon. Consequently, the present verification revealed that bound refractory organic matter consisting of β-alanine and γ-aminobutyric acid remains intact following the diagenetic decarboxylation of aspartic acid and glutamic acid.
Conclusions
The following characteristics with regard to water-extractable free amino acids in the sub-surface of semi-permafrost were found: pp.1994-1999 THAA data was referred by the preliminary report. 
